(Ziziphus lotus L. DESF.) NATURAL POPULATIONS FROM ALGERIA SUMMARY Fruits from natural populations of wild jujube (Ziziphus lotus L. Desf.) collected from Algeria were evaluated through morphological and molecular markers. The analysis of variance revealed very highly significant differences for all the morphological characters studied (P <0.001) with coefficients of variation ranging from 7.57% to 31.84% indicating a strong variation between populations. The analysis of genetic diversity between Ziziphus lotus populations using 35 ISSR primers showed a moderate polymorphism (61.31%), a polymorphism information content of 0.35, a resolving power of 2.51 and a marker index of 0.79. Cluster analysis using SM model, classify the nine populations in two main clusters. This classification seems independent to climate change.
INTRODUCTION
Spontaneous plant resources are a source of primary interest for humans and their needs (Bouallala et al. 2014 ). Algeria has important species of trees and shrubs that the majority are undeveloped. Their fruits are an important part of human food consumption because of their richness in nutrients. However, there are some fruits that are little consumed because of their scarcity and ignorance of their nutritional quality. Among them, we chose to conduct a study on wild jujube fruit (Ziziphus lotus L. Desf.).
This perennial shrub (Maraghni et al. 2010) is of interest in rehabilitating degraded areas (Azam-Ali et al. 2006) . It protects soil against erosion (Laamouri et al. 2008) . This species show a high tolerance to drought and salinity Sudhersan and Ashkanani 2009) . It provides important habitat for animals and plants (Seigne 1985; Oliet et al. 2012; Nebih Hadj-Sadok et al. 2014) . It is an important source of a many nutrients, phyto-chemical components and natural bio-actives substances (Tirado and Pugnaire 2005; Wojdyło et al. 2016) . It is rich in minerals, carbohydrates, proteins and fatty acids (Abdeddaim et al. 2014; Hammia et al. 2015) . Ziziphus lotus is, therefore, a genetic resource with universal value (Rais et al. 2017) .
Called in Arabic « Sedra », Ziziphus lotus is a shrub with gray and spiny stems, deciduous leaves and small yellow flowers (Maraghni et al. 2011) . The edible fruit called « nbag » is a dark red drupe (c. 1-1.5 cm in diameter) at maturity (Azam-Ali, 2006; Wang et al. 2016) . The pulp is soft and pleasant; it surrounds a bone nucleus, called stone, rather small, rounded and binocular (Couverciiel, 1839) . It usually contains two seeds (c. 6×5 mm) (Nasri-Ayachi and Nabli 2009).
The natural range of the majority of jujube trees is between 20° and 30° latitude (Laamouri et al. 2008) . Wild jujube occurs throughout the Mediterranean region (Regehr and El Brahli 1995; Azam-Ali et al. 2006) with low penetration into the northern Sahara: Morocco, Algeria, Tunisia, Libya and Egypt. It then reappeared in Yemen, on the island of Socotra, in the Middle East: Palestine, Syria, Turkey (Quezel and Santa 1963; Ghedira, 2013; Bakhtaoui et al. 2014) and south to the Arabian Peninsula (Duling et al. 1998) . It is very abundant in Iran, China and South Korea (Adeli and Samavati 2015) . In Algeria, the wild jujube is very common throughout the country except in the Algerian-Constantine tell (Quezel and Santa 1963) .
Environmental variations, cultivar, cultivation methods and storage conditions influence strongly the fruit quality (Guo et al. 2016) . The important geographical and climatic distribution of wild jujube is an indicator of the presence of a large genetic diversity for this species (Singh et al. 2007) . Exploring biodiversity and estimating genetic diversity is important for evaluating, improving, conserving and using the genetic resources (Ai et al. 2014; Zhang et al. 2015; Wang et al. 2016) . In order to recognize resistant genotypes with good fruit properties, identification of local cultivars becomes a priority (Ghazaeian 2015; Martins et al. 2015; Tatari et al. 2016) . Thereby, several ways are used to measure genetic diversity, including morphological characteristics that determine strongly the agronomic value and facilitate the classification of plants. Morphological evaluation of genetic diversity is direct, inexpensive and easy to use (Zhang et al. 2015) . Techniques such as allozyme or DNA analysis are also use to assess directly the genetic diversity at the molecular level (Mondini et al., 2009) . Inter Simple Sequence Repeat (ISSR) technique provides a powerful tool for the investigation of genetic variation within species. Recent ISSR studies of natural populations have demonstrated the hyper-variable nature of these markers and their potential use for population-level studies (Ge et al. 2005) .
However, there is little information available regarding the diversity of wild jujube across several environments in the world (González-Robles et al. 2016; Boussaid et al. 2018) . For this purpose, a comparative study of several populations of wild jujube can give an overview of the morphological and molecular variations existing in this species. The aims of this study were to identify genetic diversity of fruit of nine populations of wild jujube existed in Algeria and classify them using morphological and molecular characters.
MATERIAL AND METHODS Sampling and site characterization
Fruits of Ziziphus lotus were harvested at maturity in August, September and October 2016. They were collected from nine stations in different regions of Algeria (table 1) . Each station represents a population and each population was represented by 10 trees spaced of more than 10 m.
The natural distribution area of harvested shrubs extends from 2°12 W to 4°18 E longitude and from 32°1 N to 36°6 N latitude (table 1) . This large area is characterized by climatic and soil variations covering the main bio-climatic stage of Algeria.
The sites of Ain Defla and Medea from the sub-humid stage have a moderate climate, with abundant and regular precipitations (773,62 and 807,23 mm) and mild winter (table 1). The semi-arid stage that is under the effect of a continental climate is characterized by moderate rainfall (Chlef with 404.85 mm and Tiaret with 334.4 mm), a cold winter and a hot summer. TM : annual mean temperature (°C) ; TR : Temperature range (°C) ; Dt : difference in temperatures between the hottest and the coolest months (°C) ; P : annual precipitation (mm);; OM : organic matter ; (M-m) : temperature differences between the hottest month and the coldest month
In the arid zone, provenances of Msila, Laghoat and El Bayadh are influenced by the local arid steppe climate characterized by little rainfall throughout the year (172.21 to 218.65 mm). The sites of Ghardaia and Bechar from the Saharean stage are characterized by very rare rainfall (17.5 to 107.95 mm), a mild winter, a very hot summer and an arid climate.
Similarly, the soils of the different sites are very variable with a dominance of sandy soils in the arid and Saharan regions. Soils of sub-humid and semi-arid sites vary between clay-loamy and sandy-loamy (table 1). pH of the different soils is neutral to slightly alkaline (6.5 to 8.61). The levels of organic matter range from 0.48 to 2.01% and the CaCO 3 levels vary from 0 to 24.97%.
Morphological traits
Observations were performed on the mature fruit ready for harvesting. Immature fruits that have not attained their full sizes and that are predominantly green and quite hard in texture was not considered in this study. The colors of fruits and stones were determined using the Royal Horticultural Society color chart. The number of seeds, shapes of fruits and stones and srones appearences were also recoreded according to jujube descriptor. Determination of lengths and widths of fruits, pulps, stone and seeds were carried by using a digital caliper. A precision balance was used to measure the weight of fruits, pulps, stone and seeds.
Chromosome number Chromosome number counting was performed according to the method of (Jahier et al. 1992) . The mitosis was stopped by keeping roots in ice distilled water for 24 hours. Plant material was immersed in the Shift reagent for 90 minutes. The colored meristematic zone was isolated and placed between Glass slides and cover-slip in a few drops of Carmen's red reagent. The observation was made on a photonic microscope equipped with a digital camera connected to a microcomputer.
Molecular analysis DNA extraction
A total of 45 plants (Five plants from each population) were used to extract DNA which was extracted using the NZY Plant/Fungi gDNA Isolation kit (Prates, 2014) . Up to 20 mg of fresh leaves were homogenized and used to extract DNA following the protocol. The genomic DNA was stored at -20 °C.
PCR amplification
Thirty-five ISSR's markers were used as shown in (Table 4 ). Standard PCRs buffer were performed using NZYTaq 2× Green Master Mix. Each PCR reaction contained 10 µL of NZYTaq 2× Green Master Mix, 1µL from each primer, 30 ng DNA template and nuclease (3 µL of 10 ng/µL) and 6µL of free water to obtain a volume of 20 µl. Cycling procedure was run using PTC-100 thermocycler (MJ Research, Inc.) as follows: Initial denaturation at 94°C for five minutes followed by 45 cycles of denaturation at 94°C for 30 seconds, annealing temperature of 52°C for 45 seconds and extension at 72°C for two minutes and final extension at 72°C for six minutes. The amplification products were analyzed by electrophoresis in 1,2% agarose in TAE buffer stained by 6 µL of ethidium bromide and photographed under UV.
Data analysis
The partition of the variance was estimated between populations by the statistical analysis of the variance (ANOVA) using the Type III of SPSS for Windows version 16.0 for the calculation of the sums squares. Homogeneous groups are separated by Tukey test using the same software. The agglomerative hierarchical clustering procedure was based on Ward's method.
Data from ISSR markers analysis was scored for presence (1) and absence (0) of bands. Unclear bands were not counted. Dividing the number of polymorphic bands over the total number of bands gives an estimation of the polymorphism percentage.
The evaluation of the discriminatory power of the ISSR markers was done by means of three parameters: (i) Polymorphic information content (PIC) which is the probability in detecting polymorphism by a primer or primer combination between two randomly drawn genotypes, it was calculated using the formula PIC = 1 -Σp i 2 , where p i is the frequency of the i th allele (Sehgal et al. 2009; Lamare and Rao 2015) ; (ii) Resolving power (Rp) which is the ability of each primer to detect level of variation between individuals, it was calculated as Rp = ΣI b where I b (band informativeness) takes the values of: 1 -[2|0.5 -p|], where p is the proportion of individuals containing the band (Prevost and Wilkinson 1999; Lamare and Rao 2015) , and (iii) marker index (MI) in order to characterize the capacity of each primer to reveal or detect polymorphic loci among the genotypes, as a product of two functions -the polymorphic information content and effective multiplex ratio (EMR) (Milbourne et al. 1997; Varshney et al. 2007; Lamare and Rao 2015) : MI = PIC × EMR.
A dendrogram was constructed based on the simple matching coefficient (SM) and the UPGMA (unweighted pair-group method with arithmetic averages) cluster method with the program NTSYSpc (Numerical Taxonomy and Multivariate Analysis System version 2.1). A pair-wise difference matrix between genotypes was determined using SM coefficient to measure the resulting phenotic groups and the original matrix was bootstrapped 1000 times by employing Winboot to group the genotypes into discrete clusters.
RESULTS

Morphological variability
Analysis of variance show a very high inter-population variation justified by a very highly significant difference (P <0.001) between the populations for all morphological traits (table 2) . Furthermore, there were no significant differences (P> 0.05) between individuals in the same population (intra-population variation).
The fruits of wild jujube were characterized by a variation of the fruit color. Four colors were recorded for all populations (table 2) : yellowish (0.11%), brown (52.44%), light brown (17.55%) and dark brown (29.88%). An intra-population variability characterized by the heterogeneity in the distribution of the coloration was noticed. The populations of Laghouat, Ain Defla and El Bayadh were homogeneous and characterized by a single fruit color. Whereas the other populations presented the heterogeneity for this trait because they were characterized by several fruit colors within the same population.
An inter-population variation for the shape of fruit was also observed: the elongated shape (6,77%) and the round shape (93,23%). Two populations which were heterogeneous and characterized by the presence of the two shapes of fruit at varying percentages (table 2) . These populations are Bechar and M'sila There were an inter-population variation for the coloration of the stone. Two colors were observed: brown (32.33%) and light brown (67.67%). Only the population of Chlef was homogeneous and characterized by the presence of a single coloration of stone (light brown). In the other populations, the presence of the two colors of the stone was observed at various percentages (table 2) .
The wild jujube showed an inter-population variation for the trait shape of the stone. Two forms were observed: the elongated shape (74.89%) and the round shape (25.11%). All populations were heterogeneous and presented the two stone shapes at various percentages (table 2) .
Two stone's appearance were recorded smooth (29,44%) and rough (70,56%). Only the population of Ghardaia was homogeneous and characterized by rough appearance. In the other populations, the presence of the two appearancs of stone was recorded at various percentages (table 2) .
Most wild jujube fruits had one seed per stone (61.44%). Only 38.56% of the fruit had two seeds per stone. All populations were heterogeneous (table 2) and presented various percentages of seed number per stone.
Regarding fruit characterization (Table 3) , it's shown that the population of Chlef has the highest values for fruit length (12.979 ± 0.717 mm), wight (13.503 ± 0.822 mm) and weigh (0.871 ± 0.134 g). While the population of Ghardaia is chharacterised by the lowest values for these traits (11.166 ± 0.915 mm; 11.223 ± 0.884 mm and 0.464 ± 0.107 g respectively). These two populations have grown in very different environments, which suggests that this character can be influenced by the environment. Fruit length, wight and weigh of the other populations varied between these two extremes.
The pulp length and width vary between 2.776 ± 0.571 mm to 3.767 ± 0.767 mm and between 3.874 ± 0.879 mm to 5.134 ± 0.694 mm respectively. The population of Medea has shown the highest pulp length and the population of Chlef has the highest pulp width. These traits seem to be independent of the environmental effect because the values showed no relationship with environmental variation. On the other hand, the pulp weight was very related to the variations of the environment. The populations of Chlef, Medea and Ain Defla growing in favorable areas had the highest values of pulp weights (0.477 ± 0.1g; 0.381 ± 0.074g and 0.377 ± 0.091g). Whereas, the populations of Ghardaia, Laghouat and El Bayedh, growing in arid regions, had the lowest pulp weights (Table 3) .
For stones, lengths varied from 8.225 ± 0.847mm (population of Ghardaia) to 10.062 ± 0.641 mm (population of Chlef). The variations of this trait between populations seem to be independent of changes in the environment. Stones also exhibited wide variability for the trait width. The values (table 3) of the population of Ain Defla (humid climate) were the highest (8.838 ± 0.913 mm). The populations of Ghardaia and Laghouat (arid climate) had the lowest values (7,156±0,687 mm and 7,188±0,747 mm respectively). Unlike the preceding trait, the width of stones seems to be correlated with environmental variations because wetland populations have the highest values. The weight stones varies from 0.225 ± 0.057 g for the population of Ghardaia to 0.394 ± 0.064 for the population of Chlef. It is clear that this trait is positively correlated with fruit and pulp weights. The seeds length character exhibits a high inter-population variation (table  3) . The longest seeds were recorded in the populations of M'sila (5.953 ± 0.477 mm), Chlef (5.888 ± 0,437 mm), Tiaret (5.835 ± 0.504 mm) and Bechar (5.752 ± 0.576 mm). Seed widths varied from 4.788 ± 0.478 mm for the population of Laghouat to 5.516 ± 0.373 mm for the population of Medea. The environment does not seem to have effects on these two traits, but the variation in seed weight is strongly influenced by environmental variation. This trait showed low values in the arid zones (0.025 ± 0.0079 g for the population of Laghouat and 0.030 ± 0.0057 for the population of Bechar) compared with the values recorded in the populations that pushed in sub-humid environments (0.0340 ± 0.0035) g for the population of Ain Defla.
Ward's method classified the nine natural populations of Ziziphus lotus L. by measuring the distance between the morphological characteristics to give rise to two closed clusters (figure 1).
The first cluster is represented by four populations: Bechar and El Bayadh which represent a subgroup and are very close. In this first cluster, we also find that the populations of Laghouat and Ghardaia. The commonality between these four populations is that they grow in arid environments that are characterized by high daily temperatures, high thermal amplitudes and low rainfall.
In the second cluster, there is a subgroup strongly linking the populations of M'sila and Tiaret which are populations of the semi-arid zones. The second cluster also includes the population of sub-humid areas: Medea, Ain Defla and Chlef. produced using Ward method.
Chromosoms number
The number of chromosomes (Table 3) shows that wild jujube populations that grow in subhumid and semi-arid environments are diploid and have a chromosome number of 2n = 2x = 24 chromosomes. Whereas the populations of arid zones (Bechar, El Bayadh, Ghardaia and M'sila) are triploid and have a number of chromosomes equal to 2n = 3x = 36 chromosomes.
Molecular analysis
The total number of bands produced by the ISSR primers (TBN), the number of polymorphic bands (PB), the percentages of polymorphic bands (% P), the polymorphic information content (PIC), the resolving power (RP) and the marker index of the ISSR primers are shown in Table 4 .
The thirty-five ISSR primers tested produced a total of 274 amplified bands with an average of 7.82 bands per primer (MR). For these primers, the number of polymorphic bands was 168 (59.14%) with an average of 4.8 polymorphic band per primer (EMR). The number of bands produced by each primer varied from 4 for the primers 847, 854, 864 and 869 to 14 for primers 812 and 876. While the number of polymorphic bands produced by each primer has varied between 2 for the primers 814, 817, 846, 849, 864 and 897 to 14 for the primer 876. The percentage of polymorphism for each primer increased from 25 % for the primer 817 to 100 % for the primers 813, 876, 892 and 900 with an average of 59.14 %. The polymorphic information content (PIC) of ISSR primers among the populations of wild jujube varied between 0.08 for the primer 814 and 0.50 for the primer 855 with an average of 0.35.
The resolving power (RP) has traded its minimum at the level of the primers 817 and 864 with a value of 0.44 and its maximum at the level of the primer 900 with a value of 8.67. The average of the RP is 2.51. At its hole, the marker index fluctuated between 0.15 for the primer 814 and 1.56 for the primer 813 with an average of 0.79.
The ISSR markers from the 35 selected primers were used to construct a dendrogram using UPGMA cluster analysis and the simple matching coefficient (SM). The degree of similarity among wild jujube populations, from different locations, varied between 31.1 % (between the populations of Laghout and Medea) and 95.7 % (between the populations of M'sila and Tairet). Cluster analysis was done to group the populations into dendrogram (figure 2). This dendrogram has two clusters. The first cluster groups the populations from Ain Defla and Bechar with a similarity of 39.1 %. The second cluster groups the populations from the other regions. This second cluster can be subdivided into two sub-clusters, the first grouping six populations two by two. The populations from Tiaret and M'sila appear to be the most similar at 95.7 %. The populations from El Bayadh and Ghardaia are grouped together with a similarity of 69.9 % and the populations from Laghouat and Medea have a similarity of 31.1 % between them. The population that is coming from Chlef represents the second sub-cluster and it seems different from the other six populations because it has a low degree of similarity with them (17.9%).
DISCUSSION
Conservation and utilization of the native plant resources is essential for long-term sustainability of biodiversity. Wild native resources are adapted to specific and diverse environmental conditions. These adaptive features can be introduced into modern cultivars either through conventional breeding or advanced molecular genetic techniques (Riaz et al. 2011) . Estimation of genetic diversity is important for conserving, evaluating and using genetic resources. It's useful for studying the diversity of different germplasm as possible sources of genes. That can improve the performance of cultivars, and for determining the uniqueness and distinctness of the phenotypic and genetic constitution of genotypes (Geleta et al. 2006) .
Analysis of the morphological diversity of several natural populations of Ziziphus lotus belonging to various environmental conditions is of a great importance. It is the foundation of plant evolution and cultivar formation in the natural wide range of distribution of this species (Boussaid et al. 2018) .
The analysis of morphological characters shows a very large divergence between the fruits, stones and seeds of Ziziphus lotus natural populations collected from several sites in Algeria. Populations from Chlef, Ain Defla and Medea are considered as the best populations morphologically. They are characterized by the higher lengths, widths and weights of the different parts of the fruit. While, the populations coming from Ghardaïa and Laghouat present the lowest values. The coefficients of variation ranged from 7.57 % for fruit length to 27.036 % for pulp weight. High coefficients of variation (more than 30%) for Ziziphus jujuba ecotypes were recorded by Tatari et al. (2016) for number of thorns, annual thorn length, fruit weight, shape and width, as well as stone weight and size, indicating a large variation in these traits. Our results are also similar to those recorded by Saran et al. (2005) and who found high coefficients of variation for several traits, particularly for fruit weight, in Ziziphus mauritiana and Ziziphus jujuba genotypes respectively.
Fruit weight is considered as appropriate for the classification of jujube ecotypes (Tatari et al. 2016) . The studies on the Iranian ecotypes of Ziziphus spina-christi showed a large-scale diversity among the genotypes that show considerable morphological variation which may affect these traits (Bina et al. 2012; Baghazadeh-Daryaii et al. 2017) . Tatari et al. (2016) confirm that climatic conditions have a large effect on the morphological characters of the Ziziphus jujuba ecotypes. The plants of Ziziphus spina-christi grown at various altitudinal zonations in Saudi Arabia showed a response to climatic conditions by using altitudinal gradient (Moustafa et al. 2016) . The evaluation of the morphological variability of 65 genotypes from Ziziphus genus (Z. nummularia, Z. spina-christi and Z. oxyphylla) in Iran, revealed a wide range of variation. They notified also that fruit weight among different species of jujube varied. This variation may depend on the cultivar and ecological conditions (Gao et al. 2011) . Also, height differentiation among genotypes is caused by factors such as breeding system, isolation of population, seed and pollen dispersal distance (Norouzia et al. 2017) . Exhibiting significant variability could be attributed to fact that the genotypes grow over a wide range of rainfall, temperature and soil type (Divakara and Das 2011) .
Genetic diversity of plants based on morphological traits is difficult to measure in natural populations because these traits are influenced by environmental factors to a large degree (Riaz et al. 2011) . To neutralize the environmental effect on the phenotypic expression among provenances for the purpose of breeding, this genetic resource should be compared under similar ecological conditions (Boussaid et al. 2018) .
Molecular markers are widely used to assess genetic diversity and to study the relationships among genotypes and populations of many species. To study the genetic diversity of the genus Ziziphus, the ISSR, RADP, SSR, SRAP markers have been widely used on Ziziphus spina-christi (Alansi et al, 2016; Moustafa et al. 2016) , Ziziphus mauritiana (Singh et al. 2007; Singh et al. 2014) , Ziziphus jujuba (Li et al. 2010; Ma et al. 2011; Liu et al. 2014; Zhang et al. 2015; ) and Ziziphus lotus (González-Robles et al. 2016) . Our work is the first to study the molecular diversity between natural populations of Ziziphus lotus L. Desf through several environments in Algeria and the second in the world.
In order to resolve some of the inconveniences associated with RAPD (low reproducibility), the high AFLP cost, and the need to know the flanking sequences in order to developed primers for SSR polymorphism, ISSR were developed (Gomes et al. 2012) . Also, the use of ISSR in this study is based on the fact that they are easy to employ and highly reproducible (Boussaid et al. 2010) . Several studies have shown that the ISSR markers seem to be convenient for genetic diversity of Triticale (Tonk et al. 2014) , Canarium album (Mei et al. 2017 (Tonk et al. 2014 ). However, these results remain low compared with those found by Singh et al. (2007) for Ziziphus mauritiana (89.96 %), Alansi et al. (2016) for Ziziphus spina-christi (93.4%) and Boussaid et al. (2010) for Stipa tenacissima (87.79%).
The triploid populations of Ziziphus lotus showed the highest values of total bands number with 206 bands for the population of Bechar, 201 bands for the populations of M'sila and El Bayadh and 191 bands for the population of Ghadaia. These populations had also the highest values of polymorphic bands (100, 95, 95 and 85 bands respectively) and polymorphism percent (48.54% for the population of Bechar and 47.26% for the population of El Bayadh and M'sila).
The averages obtained for polymorphism information content (PIC), resolving power (Rp) and the marker index (MI) are 0.35, 2.51 and 0.79 respectively. These averages are close to those found by Tonk et al. (2014) in triticale (PIC = 0.33 and Rp = 3.15), by Lamare and Rao (2015) in Musa acuminata colla (PIC = 0.35, Rp = 2.34 and MI = 0) , by Rashidi et al., (2013) in Medicago sativa (PIC = 0.26 and MI = 1.88) and by Singh et al. (2007) in Ziziphus mauritiana (PIC = 0.42 and Rp = 3.68).
Ward's dendrogram for morphological traits and the clustering based on SM model from ISSR data have classified wild jujube populations differently. The methods of morphology are insufficient to distinguish cultivars and the results are often liable to be influenced by the environment. It has been proved that ber genotypes earlier reported to be similar based on morphology, are genetically different (Singh et al. 2014) .
The clustering of Ziziphus lotus populations according to the SM method seems independent of climatic variations. We found that the populations from M'sila and Tiaret are the most similar (95.79 %). These two populations have close latitudes (35°22 N and 35°57 N respectively). Similarly, populations from arid regions (El Bayadh and Ghardaïa) have a similarity of 69.90 % and are triploids (2n = 3x = 36 chromosomes). Populations from Laghouat and Medea, which have close longitudes (2°59E and 2°42E respectively) and which grew at the altitudes of 772 m and 853 m respectively, are classified together (31.10 %). While, the population from Ain Defla (sub-humid zone) and the population from Bechar (arid zone), which have a similarity of 39.10 %, seem independent from climatic and geographical conditions. On their part, Rashidi et al. (2013) concluded that grouping of genotypes based on cluster analysis and principal coordinate analysis indicate that genetic variations of Medicago sativa do not agreement with the geographical distribution of genotypes. Ziziphus spina-christi showed a response to a suite of climatic conditions by using altitudinal gradients within circumscribed various localities in Saudi Arabia (Moustafa et al. 2016) . A large diversity within populations was recorded in Ziziphus spina-christi which can be explained by the out crossing pollinisation phenomenon and a low value of genetic diversity among populations. Studies also shows that genetic variations occurred a long elevation gradient because topographical heterogeneity of plant habitat causes substantial changes in the improvement. And at different altitudes strong isolation of populations may occur due to drastic differences in phenology between higher and lower altitude and mountain barriers which restrict the gene flow between populations causing complex and varied genetic variation (Lamare and Rao 2015) .
CONCLUSIONS
Wild jujube (Ziziphus lotus L. Desf.), despite being a frequent species in Algeria, occupying various regions and ecosystems and with various interest, remains devalued because there are very few studies on this species. Through this study, we have evaluated the genetic diversity of Ziziphus lotus fruits from several localities covering all bio-climatic stages of Algeria, by using morphological and molecular markers. The analysis of the morphological results revealed a strong divergence between the different populations. They also showed that the environment had a considerable effect in the development of the phenotypes of the majority of the characters. ISSR data showed moderate genetic diversity between wild jujube populations. To valorize this study, the number of populations studied must be expanded, study the genetic diversity within populations and test other molecular markers that can give more effective results.
